


Having looked last month at the ways in which we 
can design FPGAs, and coming down on the side 
VHDL as a design method, we need to see how 
can take our VHDL and turn it into a format we 
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What is on the CD-ROM? 


The CD-ROM, presented free with this month’s issue of this magazine, has a number of util- 
ities and tools for the design of FPGAs. Here is a list of the actual contents of this CD-ROM: 


HDL Planner is a template generator and text editor for VHDL entry methods. HDL Planner 
also integrates Atmel’s Macro Generator software and is especially useful to the new- 
comer to VHDL. 

Macro Generator software which allows the building of functional blocks which are fully 
specified and can be reused many times in one or several designs. 

Place And Route routines which take the design files and actually perform the layout of 
the design as implemented on the silicon. The Place and Route routines can also be 
timing driven to improve design performance. 

Static timing analyser used to check path delays through a design. 

Bitstream Generation and Download routines compatible with all configuration modes. 

Everest VHDL Synthesis tool 

All the items above are installed when you install the IDS6.0 CD. You can also select addi- 
tional libraries for other third party tools as listed below. 

Libraries for the following Third Party Design Capture Systems: 

- Exemplar 

- FogaeExpress 

- MTI 

- OrCad 

- Synplicity 

- Viewlogic WorkView Office 

Doulos Tutorials covering aspects of the VHDL language. Doulos are a training compa- 
ny running public and company based courses on FPGA Design Methodologies and 
Techniques, as well as offering computer-based courses on VHDL and Verilog. 
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It may be useful to follow the design 
flow by installing the IDS$6.00 software 
which will be used to demonstrate the 
design flow. Although there will not be 
room within this article to go through in 
detail every step of the process, this is 
all covered in the tutorial and docu- 
mentation files on the CD-ROM. 

To install IDS6.00, simply insert the CD- 
ROM into your drive, and it should auto- 
matically run the setup program which 
will install the software. If the CD-ROM 
does not autoplay, select Run from the 
Start menu, and enter: 


D:\setup.exe 


Where D: is the drive letter of your CD 
ROM drive. Follow the on-screen 
prompts to install IDS 6.00. Wnen asked 
which libraries to install, you should des- 
elect the Viewlogic option. The Free 
System that you have been supplied 
with uses the Everest Design System and 
the libraries for this are installed by 
default. To run the Viewlogic system you 
would need to purchase a license. If 
there are any installation problems, the 
process is covered in the documenta- 
tion files on the CD-ROM. If you experi- 
ence further problems, contact Kanda 
Systems, details at the end of the arti- 
cle. 

Assuming you have successfully 
installed IDS 6.00, run the program by 
selecting Atmel IDS 6.00 from the 
Start>Programs menu. After a few sec- 
onds you will see a screen as in Fig- 
ure 5. This is the main design environ- 
ment, and all the other routines, such 
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as the VHDL template generator, HDL 
Planner and the VHDL tool EDS are 
launched from within this environment. 
The tool bar below the menu bar runs 
through the design process left to right. 
We will look at the icons relevant to the 
VHDL designs we will initially be 
involved with. A complete description 
of all the buttons can be found in the 
on-line documentation and in the book 
that accompanies this set of articles 
(available from Kanda Systems Lid., see 
advert elsewhere in this issue). 


This icon invokes the Design 

i Launcher. This gives access to 

a dialogue that allows the 

user to set up the environment for a 

particular design, by specifying, for 

example, the design name and direc- 

tory, design capture package and 

device type. To make use of the 

accompanying development board, 

we must always specify the AT40K fam- 

ily of FPGAs, although IDS 6.00 allows 

the user to design with the AT6000 fam- 
ily of FPGAs also. 


HOL This icon invokes HDL Planner 
(Figure 6). HDL Planner looks 
like a simple text editor, but 
the interface belies its power. HDL Plan- 
ner is an ideal VHDL learning tool in that 
it will automatically generate the tem- 
plate for a design. This template con- 
tains all of the basic VHDL constructs 
that are required for a design. By using 
the VHDL pull-down menu, additional, 
more complex construct templates 
may be added to the design, again 
aiding the user by inserting the com- 
plete VHDL syntax for a particular type 
of construct. 

HDL Planner is also the interface to the 
Macro Generator functions. These 
macro generators allow the user to 
construct fully placed and routed, 
parameterised components into their 
design at the VHDL coding stage. This 
takes away a lot of the task of writing 
VHDL for standard functions ranging 
from memories, through counters to 
multipliers. All of the available macros 
may have their parameters set by the 
user. For example, a RAM block may 
be defined as having a width of x and 
a depth of y, whilst a counter would 
have its reset parameters and count 
width specified. 





uc This icon allows direct access 
ors to the Macro Generators. This 
allows the generation of 
macros externally from HDL Planner, but 
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Figure 5. Main design environment screen. 


is probably most useful as a browser to 
see what functions are available as 
macros, and which parameters may 
be specified. Note that not all of the 
possible functions in the Macro Gener- 
ators dialogue are available via HDL 
Planner. A typical Macro Generator 
screen is shown in Figure 7. 


HD This icon brings us on to the 
“eI conversion from VHDL to 
AT40K Library elements. Ever- 
est Design System (EDS) takes in VHDL 
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code in ASCII text, and converts this 
into something known as EDIF. EDIF is a 
generic format defined to allow the 
transfer of electronic designs between 
design packages. The process of trans- 
lation from an ASCII text file to (in this 
case) an EDIF output is known as Syn- 
thesis. This is because EDS takes in a 
description of a function at a high level, 
and synthesises the logic required to 
implement this function in terms of a 
specific architecture. 

There are several stages to the synthe- 
sis of a design by EDS, as shown in Fig- 
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-- Deleted unwanted libraries 
LIBRARY ieee ; 
USE ieee.std logic 1164.all; 
ENTITY entityName IS 
PORT į 
le 
END entityName; 


ARCHITECTURE behaviour of entityName IS 


-- Add SIGNAL definitions here 





Component: 
X |latchoen-Transparent Latch, with output >| |latchoen-Transparent Latch, with output >| Latch, with output + Define z Instance | 


-- Define the architecture in terms of components listed in component pull down list 


END behaviour; 
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Figure 6. HDL Planner screen. 
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Figure 7. Typical Macro Generator screen. 


ure 8. First, the design libraries must be 
specified to be the AT40K libraries. Use 
the Target Technology button and 
selecting the af40k.lib option. This will 
force the synthesis tool into producing 
the most appropriate output for the 
AT40K FPGA architecture. 

The next task is to input the design, 
achieved by using the Input Design 
button. This allows you to browse to the 
input VHDL file and specify it. If there is 
more than one VHDL file in a design, 
they may all be entered using the EDS 
command line that appears in the log 
output window. As well as reading the 
design into the EDS environment, this 
process performs a syntactical and 
semantic check on the VHDL code. This 
will highlight any areas of the input files 
that have constructs/sections that do 
not adhere to the VHDL standard. Mis- 


eds Eifel 
Welcome to the 


Everest Design System (EDS) 3.0.00D 


(c) Copyright 1996-1998, All Rights Reserved 
Everest Design Solutions, LLC 


[NEW] Technical support email: eds@best.com 
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Input Design | 
Synthesize 
Output Design | 





Figure 8. EDS design stages. 
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takes that beginners to VHDL often 
make are reduced by using HDL Plan- 
ner, as this inserts the framework in the 
correct syntax automatically. 

Once a design has been successfully 
read in to EDS, we can synthesise the 
design. There are a few options avail- 
able from the Synthesise button, see 
Figure 9. The first option is Automatic 
Pad Insertion. If pads are not inserted, 
the design cannot be correctly read 
into the place and route routines. Pad 
insertion may be achieved manually, 
but it requires the user fo map each 
design to a port library component in 
the VHDL files. Automatic pad insertion 
simply does this for you. At this point, 
the design pinout is not set, just pads 
associated with signals. There are sev- 
eral kinds of pads, found by looking 
within the List Ports window. So for this 
example you should set the Auto Pad 
Insertion On 

Optimisation level simply specifies how 
hard the synthesis routines work. The 
higher the level of optimisation, the 
longer the design takes to synthesis, but 
the result will have a higher efficiency 
in general. Execute performs the syn- 
thesis, which takes five stages to com- 
plete. 

Finally, we need to output the EDIF for- 
mat file generated by the synthesis. This 
is achieved by using the Output Design 
button, and specifying the output file 
name. 

Having synthesised our design, we can 
now read it into the IDS 6.00 Place and 
Route routines. 


Open reads in the design 
with options. We can 


FOpen 
—— read in the design as a 





Design or a Macro. A macro is a user- 
defined hierarchical block that needs 
to be written, synthesised, placed and 
routed as a stand alone component. 
For macros, pads should not be 
inserted into the design. Most of the 
time we will be dealing with complete 
designs. Select the Design button in this 
case. As the design is read into IDS 
6.00, as with EDS, the design is 
checked to see if it meets the required 
design rules for the place and route 
routines to operate on. With a VHDL 
design entry, it is quite rare to get an 
error at this stage as getting the design 
to synthesise usually has eliminated any 
problems. Any errors should be cov- 
ered by the on-line documentation, but 
any persistent problems should be 
dealt with by Kanda Systems. Once the 
design has been read in, a window 
called the Design Browser will appear. 
This lists all of the design instances (i.e. 
library components) used to implement 
the design. 


Mapping is an optional 
Fiap function designed to 
increase the efficiency of 
a design. It takes the original design 
and tries to map (or convert) it onto the 
AT40K architecture in a more efficient 
way than by synthesis alone. For 
instance, if a design has synthesised to 
having 2-input logic functions, these 
can be mapped into one AT40K core 
cell. The net result is a smaller, and 
often faster design. Also, mapping will 
remove double inversions and double 
buffering where it is not required. How- 
ever, if a chain of buffers/inverters has 
been used to create an asynchronous 
delay, this will be mapped out of the 
design to at most one level of inver- 
sion/buffering, removing the delay. 
Leave Mapping enabled. 
To enable/disable mapping, use the 
Options menu, and select Options 
(alternatively press O). Select Mapping 
from the list box, and then the Mapping 
Enabled box may be checked or 
unchecked. It may be of interest for the 
reader to look through all of the items 
under the Options dialogue, and they 
are all explained fully in the on-line 
documentation. 


This window allows the 
user to choose which 
part is to be used to 
implement the design. IDS 6.00 sup- 
ports devices from 5K to 40K equivalent 
FPGA gates, with between 256 and 
2304 core cells. This dialogue also 
allows the user to add several parts, 
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Figure 9. Options available for the 
synthesis button. 


and the design software to automati- 
cally place and route the design over 
more than one device (useful for very 
large designs), whilst automatically 
allowing for the interconnectivity 
between the devices. 

Whilst using this window it is possible to 
do several functions. Firstly, we can 
define physical pins to the pads we 
inserted in our VHDL design. This allows 
the specification of a part ready for 
PCB layout, and for the Development 
Board peripherals to be connected to 
the correct input or output. The actual 
assigning of pin locks may be done in 
one of two ways. 

Firstly, with the Parfs window active, 
there is a command under the Edit 
menu known as Assign Pin Locks. This 
allows the user to directly specify the 
design pad instance to a pin number. 
This is very good for instance where the 
PCB layout has already been decided, 
and the device just needs to be spec- 
ified with this pinout, or where the pin 
number is explicitly required (again, as 
in the Starter Kit). 

Secondly, and more suited to circum- 
stances where the FPGA design is to be 
specified first (usually the case when a 
design still has some uncertainty), the 
user may simply ‘drag and drop’ an 
instance of a pad onto a pin. This 
allows buses to be assigned in order for 
a port, for example. This is not always 
the best design method for high speed 
designs as a number of adjacent out- 
puts (or inputs) all switching at the same 
time may cause crosstalk, but for most 
designs should not be a problem. 

The ability of a pinout for a design to 
be locked prior to the final FPGA design 
was mentioned last month. The AT40K 
family has such a high level of routabil- 
ity it is possible to get a placed and 
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routed design running at full soeed with 
almost any pinout. Note that global 
clock signals are best used for clock 
type structures, as with the global reset, 
but above this restriction, almost any 
pin should be achievable. 

Also within the Edit menu from this win- 
dow is a command called /O Pad 
Attributes. In last month’s article we 
mentioned that each pad is individu- 
ally assignable with pull up/downs, 
schmitt trigger inputs, slew rate 
adjustable outputs and a number of 
other options. This is achieved with a 
VHDL design through this dialogue box. 
All of the design Inputs, Outputs and Bi- 
directional signals are listed along with 
their possible attributes. Each one may 
be specified on a pin by pin basis, so it 
is possible for pins in a to have different 
sets of pin parameters. Figure 10 shows 
the Parfs window as a Design Input is 
being dragged onto a pin. 

The partition button partitions the 
design over a number of devices as 
previously mentioned, before we get 
onto the actual Place and Route of our 
design. 


This button runs the 

Fcompile Auto Compile All 
— process. If, prior to 
clicking in this button, you select Win- 
dow - New Compile Window, the Com- 
pile window appears. This will make the 
following explanation clearer, but is not 
totally necessary. This button automati- 
cally places and routes the whole 





design and produces the final bit- 
stream we can use to program our 
device with. There are actually 5 stages 
to the Place and Route process. Fig- 
ure 11 shows a typical fully placed and 
routed design. 

Firstly, we have Initial Place. This stage 
takes all of the design instances and 
puts them onto the silicon floorplan IDS 
6.00 uses to perform the Place and 
Route operation, displayed in the Com- 
pile window. This is mainly a geometric 
exercise, keeping related design 
instances within a (IDS 6.00 determined) 
radius. At this point the design instances 
are allowed to ‘contend’ with each 
other (i.e., overlap). This is a single 
stage process allowing a first pass of 
placing the design. 

Next comes Optimise Place. This stage 
takes the placement Initial Place made 
and tries to remove all of the place- 
ment contentions. This must be done 
prior to routing the device, as a single 
cell can only perform one function in a 
design at any given time. This is a two- 
stage process, and in a complex 
design may take a liitle time. However, 
this may be overcome in a known sim- 
ple design by using an option in the 
Option dialogue called Place and 
Route. Within this, there is a parameter 
called Quality. This represents how hard 
the Place and Route tools work to 
achieve their goal. The greater the 
number, the harder IDS 6.00 works, and 
the longer each stage takes. There is a 
check box called Auto Sef Parameters 
which makes IDS 6.00 look at the 
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Figure 10. This is what happens to the Parts window when a Design Input is being 


dragged on to a pin. 
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Figure 11. All done — a placed and routed design. 


design and set the Quality level as 
appropriate. The quality level is used for 
the first four stages of the place and 
route operation. 

Once all of the placement contention 
has been removed, it is possible to 
move onto the Routing of the design. 
But what if not all of the contention can 
be removed? There are three options 
on this. Firstly, a higher Quality setting 
may be set, and the Placement rou- 
tines run again. Secondly, a larger 
device may be required. This will give 
more logic resource and so will usually 
cure the problem. With all of the avail- 
able 40K devices being pin compati- 
ble within a specific package, this is 
possible across the range of devices 
from 5K to 40K equivalent gates. Finally, 
and for some most interestingly, we can 
manually modify the placement. 
Manual placement allows the moving 
of a cell or macro around on the 
device to remove contention. This is 
done by selecting an instance on the 
floorplan, and dragging it to its new 
position. Once an instance has been 
selected, it turns yellow and, for a 
macro block, may be rotated or 
flipped and then moved to a suitable 
area. For a macro, this is possible due 
to the symmetrical nature of the array, 
and the fact that macro functions are 
pre-parame?ferised for all orientations of 
the macro. 

Initial Route is a function not dissimilar 
to Initial Place, but obviously it works on 
the routing structure and resource. This 
time the cells and macros are con- 
nected together without too much 
regard for using the same routing 
resource twice. This is a three-stage 
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process as there are several aspects of 
routing to be considered. As mentioned 
previously, the AT40K family of FPGAs 
was designed with routeability in mind, 
so this process often gives very good 
results prior to Optimise Place. 
Optimise Route does the same for rout- 
ing as Optimise Place does for place- 
ment. This is usually a much easier 
stage for IDS 6.00 software due to the 
routing based architecture, and if a 
design can be placed within a device, 
there will be very few times the device 
cannot be routed. If, however, the 
design does not route, what then? Well, 
the same applies for routing as for 
Placement. Going to a larger device 
will usually solve the problem. Setting a 
higher quality factor again will most 
times get rid of the contention. Finally, 
it is possible to manually edit both 
Placement (where the placement can 
be tweaked to allow sensible data 
flow), and Routing Resource. Manually 
Routing the device is something best 
left until the user becomes very confi- 
dent with the devices, as what seem to 
be small changes can have timing 
impacts on a design! 

The final stage for the design is the Bit- 
stream generation. This stage gener- 
ates the bitstream in several output for- 
mats, ready to be downloaded directly 
into the FPGA or to program a configu- 
ration Serial EEPROM, ready for pro- 
gramming on the user’s board. 


Next Time — How About 
Some Hardware? 


We can see that the process of gener- 
ating a bitstream from an initial ASCII 


text file comprises a number of steps, 
although none of them are too com- 
plex, and the whole process does 
become second nature after a while. 
Now we have seen how to generate a 
bitstream from a design, what about 
running this design in hardware? Well, 
using the Development Board and the 
‘Get Going with FPGA book accompa- 
nying this series we will next month look 
at the FPGA from a hardware point of 
view, describing peripheral use on the 
board, and how to connect up a con- 
figuration device for progressing a 
design onto a user’s own PCB. 
(990063-2) 
Note: 
The book and Starter Kit mentioned in 
this article series are available (at a 
special discounted price for Elektor 
readers) from Kanda Systems Lid, Unit 
17-18, Glanyrafon Enterprise Park, 
Aberystwyth, Ceredigion SY23 3JQ. Tel. 
(01970) 621030, fax (01970) 621040, 
Email sales@kanda.com 
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